ABSTRACT. One of the main roadblocks that still hampers the practical use of molecular magnets is their cryogenic working temperature. In the pursuit of rational strategies to design new nanomagnets with increasing blocking temperature, ab initio methodologies play an important role by guiding synthetic efforts in the labs. Nevertheless, these methodologies are still too computationally demanding to provide a useful predictive framework. Herein, we present an inexpensive first-principles method devoted to evaluate magnetic relaxation in f-block-based molecular magnets, where only one CASSCF calculation is required. We propose a case study to
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The target features that have commonly been addressed to block relaxation are (i) the electron spin magnitude, and (ii) the potential barrier that separates the ground doublet components. 6 Indeed, the search for new nanomagnets by increasing (i) and (ii) is consistent with an Orbachlike relaxation mechanism, which involves a step-by-step transit of the spin population across the potential barrier. While this strategy has worked for so long and has provided general synthetic rules, 7, 8 the recent interest in molecular magnets operating at increasing temperatures makes this picture be insufficient. 6 To gain deeper control on demagnetization, spin-vibration coupling must be incorporated, which dominates relaxation at high temperatures.
The current pursuit of predictive power is encouraging the development of fully ab initio approximations. 9, 10 Nevertheless, first-principles evaluations of spin-vibration coupling are known to be computationally demanding, since many expensive CASSCF calculations are required. 3, 9 Thus, searching for new methodologies able to circumvent this computational bottleneck is of paramount urgency. In the case of lanthanide-based nanomagnets, there already exist affordable semi-empirical approximations based on effective models, 11, 12 whose performance can become comparable to that of ab initio calculations. 13, 14 Herein, we present an inexpensive first-principles method to estimate effective demagnetization barriers eff U , relaxation pathways and relaxation rates The method consists of the following three steps: geometry relaxation and vibrational spectrum calculation, determination of CFPs, and evaluation of magnetic relaxation dynamics:
Step 1. First, the relevant atom set is relaxed until reaching a minimum in its potential energy surface. 6 This set may be a molecule, 9 or the unit cell of a crystal. 10 We save harmonic frequencies   Step 2. Now, one performs a CASSCF evaluation on the experimental molecular structure to extract the lowest 21 J  energies, where J is the metal ion ground electron spin quantum number. Then, once the coordinate origin is placed at the metal experimental position, the 
Thus, each ˆj
H allows determining the spin-vibration coupling matrix element
The temperature dependence is introduced for the first time in these matrix elements through of recent molecular magnets, 24 and is found around 40 cm -1 above the first excited doublet.
Below 30 K, little or rather negligible spin population is promoted to the second excited doublet, which mostly tunnels the barrier through the first excited doublet. Nevertheless, the calculated Orbach-based relaxation times are now much larger than those found in most of molecular magnets. Thus, a different mechanism could be dominating magnetic relaxation such as quantum tunneling between the ground doublet components, which is not recovered by our approach but is commonly observed at these low temperatures. We have also evaluated Eq. 2 by employing the second-order Raman transition rates. The corresponding thermal evolution of relaxation time  is found in Table S1 . These Raman-based  values are five orders of magnitude larger than those calculated with the Orbach transition rates, see Fig. 3 . Thus, second-order Raman process should be discarded as a competitive mechanism in a real experiment, such as it was found in [Dy(Cp ttt )2] + .
12 Fig. 1 , see SI. Thus, the molecular magnet performance would also benefit from any structural modification that takes the frequencies of these vibrations out of resonance with the given energy gaps. Hence, we conclude that there may be still room for further improvement in the employed bis-metallocenium ligands. 
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